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(57) ABSTRACT 

A system has been developed for pretreating cellulosic bio 
mass feed stock including: a first pressurized reactor receiv 
ing the feed stock, wherein the feed stock undergoes hydroly 
sis in the first pressurized reactor; a sealing device having a 
first pressurized coupling to a feedstock discharge port of the 
first pressurized reactor, and a second pressurized coupling to 
a second pressurized reactor; a drain for a liquid including 
dissolved hemi-cellulosic material extracted from the feed 
stock in at least one of the first pressurized reactor and the 
sealing and extraction device; the second pressurized reactor 
assembly receiving the pressurized feed Stock from the seal 
ing device at a pressure Substantially greater than the pressure 
in the first pressurized reactor, wherein cells of the feed stock 
are infused with water in the second pressurized reactor, and 
an expansion device downstream of the second pressurized 
reactor assembly, wherein the expansion device rapidly 
releases the pressure of the feed stock discharged from the 
second pressurized reactor Such that the feed stock undergoes 
a steam explosion reaction. 
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SYSTEMAND METHOD FOR 
PREEXTRACTION OF HEMICELLULOSE 
THROUGH USINGA CONTINUOUS 

PREHYDROLYSIS AND STEAM EXPLOSION 
PRETREATMENT PROCESS 

CROSS RELATED APPLICATION 

0001. This application claims the benefit of U.S. Provi 
sional Patent Application 61/032,115, filed Feb. 28, 2008, the 
entirety of which is incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to pre-treatment of 
cellulosic biomass feed stocks, such as agricultural residues 
(including stalks, stover and hulls), Straws and grasses, forest 
and sawmill residues (including wood chips and shredded 
thinnings). In particular, the invention relates to pre-hydroly 
sis and steam explosion pretreatment to extract carbon Sugars 
from the biomass feed stocks. 
0003 High pressures and/or high temperatures are typical 
in pre-treatments used to generate alcohols, e.g. ethanol, from 
cellulosic feed-stocks. In these conventional pre-treatments, 
Some C5 Sugars are converted to components which inhibit 
the alcohol fermentation of C6 sugars in the fermentation step 
following pre-treatment. Removing these inhibiting compo 
nents, such as aldehydes (e.g., HMF, furfural, and formalde 
hyde), monomeric phenolics (e.g., Vanillin and coniferylal 
dehyde), acids (e.g., formic acid) and other inhibitors should 
increase the alcohol yield in the C6 fermentation step follow 
ing pretreatment. 

SUMMARY OF THE INVENTION 

0004. A system has been developed for pretreating cellu 
losic biomass feed stock including: a system for pretreating 
cellulosic biomass feed Stock comprising: a first pressurized 
reactor receiving the feedstock, wherein the feedstock under 
goes hydrolysis in the first pressurized reactor; a sealing 
device having a first pressurized coupling to a feedstock dis 
charge port of the first pressurized reactor, and a second 
pressurized coupling to a second pressurized reactor, a drain 
for a liquid including dissolved hemi-cellulosic material 
extracted from the feed stock in at least one of the first pres 
Surized reactor and the sealing device; the second pressurized 
reactor assembly receiving the pressurized feed Stock from 
the sealing device at a pressure Substantially greater than the 
pressure in the first pressurized reactor, and an expansion 
device downstream of the second pressurized reactor assem 
bly, wherein the expansion device rapidly releases the pres 
sure of the feed stock discharged from the second pressurized 
reactor Such that the feed stock undergoes a steam explosion 
reaction, wherein the first reactor and the second reactor each 
include a steam phase receiving direct Steam heating and 
reacting or heating the feedstock. 
0005. In another embodiment, the system for pretreating 
cellulosic biomass feed stock may comprise: a first pressur 
ized reactor receiving the feed stock, wherein the feed stock 
undergoes hydrolysis in the first pressurized reactor at a 
gauge pressure in a range of 1.5 bargauge to 6 bargauge or 
higher, and at a temperature of at least 110 degrees Celsius; a 
sealing and extraction device having a first pressurized cou 
pling to a feedstock discharge port of the first pressurized 
reactor and a second pressurized coupling to a second pres 
Surized reactor; a wash stage introducing a wash liquid into 
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the feed stock in at least one of the first pressurized reactor 
and the sealing extraction device; a drain for removing a 
liquid including dissolved hemi-cellulosic material extracted 
from the feed stock in at least one of the first pressurized 
reactor and the sealing and extraction device; the second 
pressurized reactor assembly receiving the pressurized feed 
stock from the sealing and extraction device and infusing a 
steam and water vapor into the feed Stock in the second 
pressurized reactor, wherein the reactor assembly applies a 
gauge pressure to the feed Stock in a range of 8 bargauge to 
25.5 bargauge, and the second pressurized reactor assembly 
having a pressurized discharge coupled to a discharge con 
duit, and an expansion device downstream of the second 
pressurized reactor assembly, wherein the expansion device 
rapidly releases the pressure of the feed stock discharged 
from the second pressurized reactor such that the feed stock 
undergoes a steam explosion reaction. 
0006. A method has been developed pretreating cellulosic 
biomass feed stock comprising: pretreating the feed stock in 
a first pressurized reactor, wherein the feed Stock undergoes 
hydrolysis in the first pressurized reactor, discharging the 
feed stock from the first pressurized reactor to a pressurized 
sealing device having a first pressurized coupling to a feed 
stock discharge port of the first pressurized reactor; maintain 
ing a vapor phase in the first pressurized reactor by injecting 
steam into the first pressurized reactor, wherein the injected 
steam provides heat energy to the feedstock in the first pres 
Surized reactor, washing the feed stock in a downstream 
region of the first pressurized reactor or the pressurized seal 
ing device; draining a liquid including dissolved hemi-cellu 
losic material extracted from the feed stock from at least one 
of the first pressurized reactor and the pressurized sealing 
device; discharging the feed Stock from the pressurized seal 
ing device through a second pressurized coupling to a second 
pressurized reactor, wherein the feed stock is maintained at a 
higher pressure in the second pressurized reactor than in the 
first pressurized reactor; in the second pressurized reactor, 
infusing cells of the feed stock with steam or water vapor by 
injecting steam or water vapor into the second pressurized 
reactor, and rapidly releasing a pressure applied to the feed 
stock to cause steam expansion in the cells of the feed Stock 
and the feed stock may be refined. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1 depicts a schematic diagram of a flow 
through a two reactor process for pre-treatment of cellulosic 
biomass feed stock. 

0008 FIG. 2 depicts a reactor system with an inclined first 
reactor with an input lower than the discharge and a horizontal 
second reactor. 

0009 FIG.3 depicts a reactor system with an inclined first 
reactor with an input higher than the discharge and a horizon 
tal second reactor. 

0010 FIG. 4 depicts a reactor system with a conical sec 
ond reactor. 

0011 FIG. 5 depicts a reactor system with a plurality of 
cyclone separators. 
0012 FIG. 6 depicts a reactor system with a plug screw 
feeder. 

0013 FIG. 7 depicts a reactor system with a vertical first 
reactOr. 
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0014 FIG. 8 depicts an alternative arrangement of a reac 
tor system with a conical second reactor. 

DETAILED DESCRIPTION OF THE INVENTION 

0.015 FIG. 1 shows a flow sketch of a cellulosic biomass 
feed stock pre-treatment process 10 having a first pressurized 
reactor 12 to hydrolyze and dissolve hemi-cellulose from 
feed stock 14. The hemi-cellulose is dissolved into a liquid to 
extract C5-sugars before the feed stock flows to a second 
pressurized reactor 16 to cook the remaining cellulose in the 
feed stock. A pressurized seal 18 allows for a continuous flow 
of pressurized feed stock directly from the first reactor 12 to 
the second reactor 16. 
0016. The feed stock 14 may be a cellulosic biomass mate 

rial Such as agricultural residues (e.g., stalks, stover and 
hulls), Straws, grasses, and forest and sawmill residues (e.g., 
wood chips and shredded thinnings). The feed stock 14 is fed 
to a storage bin 20 where the stock is maintained, at least 
temporarily, at atmospheric pressure. The storage bin may 
provide pre-steaming to heat the feed stock. From the storage 
bin 20, the feed stock is carried by a conveyor 22 to a pressure 
sealing device 24, such as a rotary valve, plug screw feeder or 
a MSD Impressafiner R sold by Andritz Inc. of Glens Falls, 
N.Y., USA. The pressure sealing device 24 serves as an input 
portal for the feed stock to the first pressurized reactor 12. 
0017. In the first pressurized reactor 12, the cellulosic 
biomass feed Stock is pretreated using hydrolysis, e.g., pre 
hydrolysis or auto-hydrolysis, to extract carbon Sugars, pref 
erably C5-sugars, from the feed stock prior to the second 
pressured reactor 16. The first pressurized reactor may be 
horizontal, inclined or vertical. The hydrolysis cooking in the 
first reactor 12 may be a continuous process in which the feed 
stock continuously enters, flows through and is discharged 
from the reactor 12 to the pressurized seal 18 and through the 
second reactor 16. 
0018. In the first pressurized reactor 12, hemi-cellulose, 
which is mainly 5-carbon sugars (referred to herein as “C5 
sugars'), is dissolved and hydrolyzed. The hemi-cellulose is 
extracted in a liquid from the first pressurized reactor 12 via a 
conduit 26 extending from the reactor 12 to a blow down tank 
or drum 28. 
0019 Hemi-cellulose in soft-woods is mostly gluco-man 
nan which is dissolved and hydrolyzed in pre-hydrolysis and 
auto-hydrolysis processes of the first reactor 12. The hemi 
cellulose in, for example, hard-woods, cereal Straws and 
grasses may dissolve and be hydrolyzed in the acid solution in 
the first reactor 12 (optionally in the presence of catalyst(s)) 
into low molecular weight C5-Sugars, such as Xylose and 
arabinose, and to a certain extent into amorphous C6-Sugars. 
The low molecular weight C5 and amorphous C6 Sugars are 
dissolved in the reactor 12 and drained as a liquor (liquid) 
from the reactor 12 to pipe 26. Examples of C5-sugar by 
products that are preferably removed as liquor from the feed 
stock in the first reactor 12 include: aldehydes (HMF, furfural 
and formaldehyde), monomeric phenolics (Vanillin and 
coniferylaldehyde) and acids (such as acetic acid and formic 
acid). Removal of these C5-sugar by-products is desirable as 
they, or their reaction by products, could inhibit the fermen 
tation of C6-sugars if not separated in the first reactor 12 from 
the feed stock. 
0020. In the first pressurized vessel reactor 12, the feed 
stock may be processed in an acid solution that promotes 
pre-hydrolysis or auto-hydrolysis to dissolve and hydrolyze 
the hemi-cellulose in the feed stock to low molecular weight 
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C5-Sugars and amorphous C6-Sugars. The reactor 12 may not 
be filled with feed stock to allow for a steam phase in the 
reactor. The steam phase provides heat energy for the feed 
stock and to promote the hydrolysis reaction in the feedstock 
that may be in either or both of the steam phase or a liquid 
phase of the reactor. The steam to the reactor 12 may be 
Supplied from a steam source 13 which injects steam directly 
into the reactor at one or more positions of the reactor 12, and 
preferably near the feedstock inlet of the reactor. The steam 
may also be injected in the feedstock conveyors 22, 24 imme 
diately upstream of the inlet the reactor 12. Injection of steam 
upstream of the inlet to the reactor 12 enhances the mixing of 
steam and the feedstock before the mixture enters the reactor. 
0021 Hydrolysis, and particularly pre-hydrolysis and 
auto-hydrolysis, generally refers to the cooking of the cellu 
losic biomass feed Stock at temperatures of for example, 
between 110 degrees Celsius (°C.) and 160° C. or 110° C. to 
175° C. at a gauge pressure of 1.5 bar to 6 bar (150 to 600 
kilopascals) or 1.5 bar to 10 bar (150 to 1000 kilopascals), for 
approximately ten (10) minutes to sixty (60) minutes (min.) 
and preferably 20 to 30 minutes. To promote hydrolysis and 
provide pressurization, the first pressurized reactor 12 may 
receive flows of one or more of a mild acid, sulfur dioxide gas 
(SO), oxygen, compressed air, ammonia, water, water vapor, 
steam (for heating and maintaining temperature) and cata 
lyzing agents from sources 30, 13 of each of these com 
pounds. The received flow(s) 30, 13 may be introduced to the 
first pressurized reactor 12 proximal to where the feedstock 
enters the reactor and distal from where the feed stock exits 
the first pressurized vessel. As an alternative to adding acids, 
the first reactor 12 may utilize auto-hydrolysis conditions 
Such as by using the wood acids released by the feed Stock 
under auto-hydrolysis conditions. 
0022. The feedstock may be discharged wet or dry from 
the first reactor 12. Dilution water or liquor 32 may be option 
ally added to the first reactor 12 or to the sealing and extrac 
tion device 18. Adding dilution water benefits the removal of 
any dissolved Substance from the sealing and extraction 
device 18, and increases the amount of sugars recovered in the 
streams flowing through conduits 26 and 48. 
0023. Further, a wash stage 15 may be include in or imme 
diately downstream of the first reactor 12 and upstream of the 
second reactor 16 and preferably upstream of the sealing and 
extraction device 18to wash the feedstock with dilution water 
to, for example, ensure that the hydrolysis reaction has 
ceased. For example, the wash stage may be located at the 
flow end of the first reactor 12 or in the sealing and extraction 
device 18. The wash stage 15 introduces clean water, such as 
from the dilution water source 32, to the feed stock in a wash 
Zone (see FIG. 7) near the outlet of the first reactor or in the 
sealing and extraction device 18. The wash water from source 
32 may have a temperature of no more than 160 degrees 
Celsius, no more than 140 degrees Celsius or no more than 
110 degrees Celsius. The temperature of the wash water is 
lower than the temperature in the first reactor 12 to suppress 
the hydrolysis reaction in the wash Zone. The wash Zone 
extracts filtrate 17 from the feed stock through, for example, 
the drain conduit 48. 

0024. The wash stage should be upstream of the steam 
explosion process, such as upstream of valve 34. It is more 
economical and efficient to wash the feedstock upstream of 
the steam explosion process than to wash the feedstock after 
the Steam explosion process. The steam explosion process 
reduces the particle size of the feedstock and thus increases 
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the specific surface area of the feedstock. The small particles 
and the resulting large specific Surface area increase the dif 
ficulty of dewatering and washing feedstock. Washing 
upstream of the Steam explosion process avoids these diffi 
culties because the feedstock particles are relatively coarse 
and have a Smaller specific Surface prior to steam explosion. 
0025 Because washing feedstock with larger particles is 
more efficient as compared to washing Smaller particles, the 
washing equipment. Such as wash Zones, water injectors, 
filtrate screens and extraction devices, may be less cumber 
Some and less expensive than the wash equipment needed for 
washing downstream of the steam explosion process. Simi 
larly, the costs associated with washing, Such as costs for 
providing wash liquid and extracting filtrate, is less if the 
washing step is upstream of the steam explosion process than 
if the step is downstream of the process. 
0026. The blow-tank 28 collects the dissolved compo 
nents such as C5-Sugars from the hemi-cellulose extracted 
from the feed stock in the first reactor 12 and the sealing and 
extraction device 18 via pipes (also referred to as conduits) 26 
and 48. The liquid solution of dissolved hemi-cellulose, e.g., 
C5 Sugars, extracted from the reactor 12 may be depressur 
ized through a pressure reduction valve 49 in the pipe 48 to the 
blow-tank or at the discharge of the blow-tank 28. Having 
been separated from the feed stock and stored in the tank 28, 
the C5-sugars in the hemi-cellulose may be converted by 
conventional processes to Xylose for use as food additives, 
biogas by aerobic and anaerobe fermentation, methyl-furan 
by high octane oxygenate, and to an aqueous Sugar for con 
version to alcohols, such as ethanol. The conversion of 
C5-Sugars may use special micro-organisms, e.g., enzymes, 
to promote the conversion reaction. 
0027. For any of the reactor systems in this disclosure, an 
optional washing apparatus may be included between the first 
and second reactors to wash the feedstock. The washingappa 
ratus may include an input for a solvent (such as the acid 
Solutions used in the first reactor, water, Steam or a combina 
tion thereof) to be mixed with the feedstock before or after the 
removal of the dissolved hemi-cellulose. The solvent may 
further dissolve hemi-cellulose associated with the feedstock 
that was not removed after the first removal of the dissolved 
components. The solvent may be introduced at a temperature 
or pressure that is below the temperature or pressure of the 
first reactor. Since the temperature or pressure or both is 
below that of the first reactor, the solvent has the additional 
benefit of stopping the chemical reaction(s) induced in the 
feedstock by the first reactor. The output of the washing 
apparatus containing solvent with additional hemi-cellulose 
may be processed separately or may be combined with the 
previously extracted dissolved component in blow tank 28. 
The washing apparatus may further comprise additional 
steam ports and inputs for maintaining the temperature and 
pressure of the process. The washing apparatus may be incor 
porated into the first reactor (12), or the sealing extraction 
device (18) such that additional hardware is not required to 
implement the washing step. For example, the first reactor or 
the sealing extraction device may include an input port for the 
additional solvent for further washing the feedstock. The 
Solvent may be removed using the regular solvent removal 
ports of the reactor system such as conduit 26 or 48. 
0028. After removal of the dissolved hemi-cellulose, the 
remaining feed stock is discharged from the first reactor 12 to 
the sealing or extraction device 18. The feed stock remains 
pressurized and flows from the first reactor to the sealing and 
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extraction device 18. The sealing and extraction device 18 
conveys the feed stock from the first reactor 12 to the second 
reactor 16. The sealing or extraction device 18 may increase 
the pressure applied to the feed stock to a level above the 
pressure in the first reactor 12 and to a level suitable for a 
steam explosion that will occur after the second reactor 16. 
The second pressurized reactor 16 may include a horizontal 
or conical reactor vessel. 
0029. The pressurized sealing and extraction device 18 
may be a (MSD) Impressafiner R, an extruder like screw 
device, or a plug screw feeder or a similar unit which squeezes 
the pre-processed feed Stock to extract the dissolved compo 
nents (mainly hemi-cellulose) which are discharged via con 
duit 48 to a blow-tank 28 or similar device. The sealing and 
extraction device may increase the pressure of the feed Stock 
from the gauge pressure, e.g., 1.5 bar to 10 bar, at the dis 
charge of the first reactor to the gauge pressure in the second 
reactor 16 of 8 bar to above 25 bar. 
0030 The pressurized feed stock may flow from the first 
reactor 12 to the sealing and extraction device 18 by the force 
of gravity, by the continuous flow offeed stock in the reactor 
(as is shown in FIGS. 2 to 6) or by a discharge scraper or a 
discharge screw 51 as is shown in FIG. 7. The extraction 
device 18 provides a pressured seal between the first and 
second pressurized reactors 12 and 16. Because the feedstock 
is discharged from the first reactor 12 under pressure, the 
sealing and extraction device 18 preferably has an inlet con 
figured to receive feedstock under pressure. For example, the 
inlet to the sealing and extraction device 18 is sealed to the 
outlet of the first reactor 12 and does not release the pressure 
on the feed stock entering the device 18. 
0031. The second reactor 16 may be, for example, a ver 

tical, horizontal or a conical reactor. Vertical reactors are 
shown in FIGS. 7 and 8 and may include a bottom section to 
promote the downward flow offeedstock, such as a diamond 
back section disclosed in U.S. Pat. Nos. 5,617,975 and 5,628, 
873, which are incorporated by reference. Suitable vessels for 
the second reactor 16 are conventional and are typically used 
in steam explosion pulping processes. 
0032. The second reactor is preferably operated at a higher 
pressure than the first reactor. From the second reactor assem 
bly (which may include a second reactor 16 or a second 
reactor 16 and a reactor discharge device 36), the feedstock is 
discharged at high gauge pressures, such as between 8 bar to 
25.5 bar. The second reactor assembly may include a dis 
charge device 52. Such as a discharge screw feeder that moves 
the feedstock to a reactor discharge device 36. The process 10 
maintains the feed Stock at a substantially high gauge pres 
sure, e.g., above 1.5 bar, from the first reactor 12, through the 
sealing extraction device 18, the second reactor 16, the reac 
tor discharge device 36 and to the blow-valve 34. 
0033. The second reactor 16 processes the cellulosic bio 
mass feed stock at temperatures of, for example, 170° C. to 
230°C. for approximately two to five minutes (or longer), and 
at a gauge pressure of eight (8) bar to 25.5 bar (800 kilopas 
cals to 2,550 kilopascals). The second reactor 16 may include 
a steam phase in which steam is injected directly in the reactor 
to provide heatenergy for the feedstock. In the second reactor 
16, one or more of steam, vaporand liquid water from Sources 
53, 32 diffuses into the inner structure of ligno-cellulosic 
material of the feed Stock. In addition, the Sources of steam, 
water vapor or liquid water 53, 32 may provide other liquids 
Such as a liquid source of catalyzing agents to be injected into 
the second pressurized reactor 16. 
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0034 Water 32 may be directly injected into the second 
reactor 16 or the sealing and extraction device 18 to provide 
diluted water to be infused into the feed stock. The dilution 
water 32 and Sources 53 of steam, vaporand catalyzing agents 
may be injected into the second reactor 16 at point(s) proxi 
mate to where the feedstock enters the reactor. 

0035. The steam or water vapor is infused into the feed 
stock in the second reactor 16. The steam and water vapor 
partially condense as liquid water in the capillary-like micro 
porous structure of the inner structure of the ligno-cellulosic 
material being processed in the second reactor. 
0036. The pressure of the feed stock is reduced dramati 
cally by passing through a blow-valve 34 downstream of the 
second reactor assembly. The pressure drop across the blow 
valve 34 is preferably at least a ten (10) bar reduction in 
pressure. The pressure of the feed stock may be reduced by 
the blow-valve 34 to one to two bars gauge, wherein zero bar 
gauge is at Substantially atmospheric air pressure. The large 
pressure drop across the valve 34 is suitable for steam explo 
sion pulping. The rapid pressure drop, e.g., “flashing, con 
verts to steam the condensed liquid water in the cells of the 
ligno-cellulosic material of the feed stock. The conversion to 
steam of the water in the cells of the feed stock causes a 
massive disruption, e.g., an "explosion', of the cells in the 
cellulosic biomass feed stock. The disruption occurs because 
the Volume occupied by the steam is much greater than the 
volume occupied by the water in the cells. The massive dis 
ruption includes bursting individual cells of the feed stock 
and rupturing the fibers along amorphous cellulose, such as 
between the cylindrical tubes and fibers of the cellulosic 
structure of the feed stock. 
0037. The feed stock pressure at the discharge of the sec 
ond reactor 16 may be sufficient for steam explosion pulping, 
as is shown in FIG.8. Alternatively, a discharge device 36 
may be included in the second reactor assembly to boost the 
pressure of the feed stock to above the pressure in the second 
reactor. The reactor discharge device 36 may further increase 
the pressure of the feed stock to a pressure suitable for steam 
explosion pulping, Such as from 8 bargauge to 25 bargauge. 
0038. The second pressurized reactor 16 may discharge 
the feed stock under a high pressure to a reactor discharge 
device 36 between the second reactor and the blow-valve 34. 
The second pressurized reactor assembly may comprise the 
reactor 16 with or without a reactor discharge device 36. The 
reactor discharge device 36 may be, for example, one or more 
of a scraper or Sweeper at the feedstock discharge port of the 
second reactor, a disc mill refiner, a medium density fiber 
board (MDF) disc refiner, a disc high pressure compressor or 
a discharge plug feeder. For example, an embodiment of the 
reactor discharge device 36 may be a single disc refiner oper 
ating at a rotational speed of 1,200 revolutions per minute 
(RPM) to 3,000 RPM driven by an electrical motor powered 
by 150 horsepower (110 kilowatts). The disc mill refiner 
embodiment of the reactor discharge device 36 may also 
partially refine the pressurized feed stock before the feed 
stock undergoes steam explosion reefing by passing through 
the blow valve 34. 
0039. During the steam explosion, the particles of the 
treated feed stock are separated from the cellulosic network of 
the feedstock. The cyclone separator or blow tank 38 includes 
a lower discharge 39 for particles and an upper vapor dis 
charge 41 for the steam, non-condensable gases (NCG), com 
pressible gases and other chemical vapors 40. These vapors 
40, which may include volatile organic compounds (VOCs), 
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may be recovered such as bypassing the vapors through aheat 
exchanger to recover the heat energy in the vapor. 
0040. The separated particles of the treated feed stock 
discharged from the lower discharge 39 port of the cyclone or 
blow tank 38 may be cooled in a cooling device 42, which 
may include a belt or screw conveyor. The treated feed stock 
may be processed by further reactor(s) 44 that may apply acid 
or enzyme treatments to the treated feed stock. The treated 
feed Stock is ultimately discharged as pre-treated feed Stock 
46. 
0041. The process 10 shown in FIG.1 may be embodied in 
various configurations of reactors and other devices. Several 
embodiments of Such configurations of reactors and other 
devices are shown in FIGS. 2 to 8. The reference numbers in 
FIGS. 2 to 8 that are common to FIG. 1 refer to devices 
performing same function identified by the common refer 
ence number in FIG. 1. 

0042. As shown in FIGS. 2 to 8, the first reactor 12, e.g., a 
pre-hydrolysis reactor, may be: inclined as shown in FIGS. 2 
to 8; arranged vertically as shown in FIG. 9, or arranged 
substantially horizontal as shown in FIG. 10. 
0043. The first pressurized reactor 12 may be a conven 
tional reactor Such as a pandia-type reactor having an internal 
auger or screw to move feed stock through the reactor. The 
feed stock may enter the first reactor 12 through a pressure 
sealing device 24 (in FIG. 1) which may be a rotary valve 60 
(such as shown in FIGS. 2, 4, 5, 7 and 8), a plug screen feeder 
62, e.g., a MSD Impressafiner(R) (such as shown in FIGS. 3 
and 6) or other feed system that introduces unpressurized feed 
stock to a pressurized reactor. 
0044) The dissolved hemi-cellulose discharged from the 
reactor 12 may drain into the conduit 26 (as shown in FIGS. 
2, 4, 6 and 7) or drain entirely into the pressurized sealing and 
extraction device 18 (as show in FIGS. 3 and 5). As shown in 
FIGS. 2, 3, 4 and 5, the inclined first reactors 12 with the lower 
end 50 opposite to an upper end54 which discharging the feed 
stock will drain most or all of the dissolved hemi-cellulose, 
e.g., C5-sugars, as a liquidata lower end 50 of the reactor. The 
upper end 54 of these inclined first reactors has a pressure 
maintaining coupling to the pressurized sealing device 18, 
which may be a plug screw feeder. Additional liquor having 
the dissolved hemi-cellulose may be extracted from the seal 
ing device 18 and directed via conduits 48 and 26 to the 
reduction valve 49 and to the blow tank or drum 28. As shown 
in FIG. 3, the first reactor 12 may be inclined such that the 
lower end 56 of the reactor vessel has a pressure maintaining 
coupling to the pressurized sealing device. The lower end 56 
of the reactors 12 shown in FIG. 3 discharges feed stock and 
the entirety of the liquid hemi-cellulose material to the pres 
sure sealing device 18. A conduit 48 drains the liquid hemi 
cellulose from the pressure sealing and extraction device 18 
and directs the liquid to the pressure reduction valve 49 and 
tank or drum 28. 

0045 FIGS. 4 to 6 show that the feed stock, after passing 
through the blow valve 34 and being treated by steam explo 
Sion, may be separated into different flows each having a 
different cyclone separator 382, 384 and 386 and different 
discharge devices and further reactors 422, 424, 426. For 
example, a portion of the cellulose from the feedstock may be 
retained to be separated and processed separately for pulp 
(paper) or special chemicals applications. 
0046. The inclined first pressurized reactor 12 shown in 
FIG. 8 has a lower end 56 coupled to the pressurized seal 18. 
The upper end 58 of the reactor may have an optional drain 
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conduit 26 that allows the hemi-cellulose liquid to flow from 
the reactor to the reduction valve 49 and tank 28. 
0047. The vertical first pressured reactor 12, shown in 
FIG. 7, includes a feed stock sweeper and conveyor 51 that 
discharges the feed stock from the reactor vessel and drains 
the hemi-cellulose liquid to the conduit 26 that directs the 
liquid through the reduction valve 49 and to the blow tank or 
drum 

0.048. A benefit of an embodiment of the cellulosic biom 
ass feed stock pre-treatment process 10 is that the reactor 
vessels are preferably of constant or expanding cross-sections 
to allow for an expansion of the feedstock flow volume or flow 
rate without concern as to varying cross-sectional loading, 
channeling or clogging of the reactor vessels. For example, 
each of the reactor vessels 12, 16 may be oriented vertically, 
inclined and horizontal. Similarly, the reactors feedstock flow 
through the each of reactors may be downwards, upwards or 
horizontal depending on the orientation of the reactor vessel. 
0049. While the invention has been described in connec 
tion with what is presently considered to be the most practical 
and preferred embodiment, it is to be understood that the 
invention is not to be limited to the disclosed embodiment, but 
on the contrary, is intended to cover various modifications and 
equivalent arrangements included within the spirit and scope 
of the appended claims. 

What is claimed is: 

1. A system for pretreating cellulosic biomass feed stock 
comprising: 

a first pressurized reactor receiving the feed stock, wherein 
the feed Stock undergoes hydrolysis in the first pressur 
ized reactor; 

a sealing device having a first pressurized coupling to a 
feedstock discharge port of the first pressurized reactor, 
and a second pressurized coupling to a second pressur 
ized reactor; 

a drain for a liquid including dissolved hemi-cellulosic 
material extracted from the feed stock in at least one of 
the first pressurized reactor and the sealing device; 

the second pressurized reactor assembly receiving the 
pressurized feed Stock from the sealing device at a pres 
Sure Substantially greater than the pressure in the first 
pressurized reactor, and 

an expansion device downstream of the second pressurized 
reactor assembly, wherein the expansion device rapidly 
releases the pressure of the feed stock discharged from 
the second pressurized reactor such that the feed stock 
undergoes a steam explosion reaction, 

wherein the first reactor and the second reactor each 
include a steam phase receiving direct steam heating and 
a liquid phase for reacting or heating the feedstock. 

2. The system of claim 1 wherein the first pressurized 
reactor has a lower region receiving the feedstock and an 
upper region including the feedstock discharge port, and the 
drain is at the lower region discharges the dissolved hemi 
cellulosic material from the first pressurized reactor. 

3. The system of claim 1 wherein the first pressurized 
reactor is inclined Such that the feedstock discharge port is at 
a lower end of the reactor. 

4. The system of claim 1 wherein the drain for the dissolved 
hemi-cellulosic material passes through a reduction valve and 
to a tank. 
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5. The system of claim 1 further comprising a source of at 
least one of a mild acid, Sulfur dioxide gas (SO), oxygen, 
compressed air, ammonia, Steam, water or another catalyzing 
agent, and 

the source is coupled to an inlet of at least one of the first 
pressurized reactor or the second pressurized reactor. 

6. The system of claim 1 wherein the sealing device is a 
pressurized screw feeder. 

7. The system of claim 1 further comprising a reactor 
discharge device receiving feed Stock from the second pres 
surized reactor assembly and provides the feed stock to the 
expansion device. 

8. The system of claim 1 wherein the second pressurized 
reactor assembly includes a second pressurized reactor and a 
reactor discharge device coupled to a pressurized feedstock 
discharge port of the second pressure reactor. 

9. A system for pretreating cellulosic biomass feed stock 
comprising: 

a first pressurized reactor receiving the feed stock, wherein 
the feed Stock undergoes hydrolysis in the first pressur 
ized reactor at a gauge pressure in a range of 1.5 bar 
gauge to 6 bargauge, and at a temperature of at least 110 
degrees Celsius; 

a sealing and extraction device having a first pressurized 
coupling to a feedstock discharge port of the first pres 
Surized reactor and a second pressurized coupling to a 
second pressurized reactor; 

a wash stage introducing a wash liquid into the feed stock 
in at least one of the first pressurized reactor and the 
sealing extraction device; 

a drain for removing a liquid including dissolved hemi 
cellulosic material extracted from the feed stock in at 
least one of the first pressurized reactor and the sealing 
and extraction device; 

the second pressurized reactor assembly receiving the 
pressurized feed stock from the sealing and extraction 
device and infusing a steam or water vapor into the feed 
stock in the second pressurized reactor, wherein the 
reactor assembly applies a gauge pressure to the feed 
stock in a range of 8 bargauge to 25.5 bargauge, and the 
second pressurized reactor assembly having a pressur 
ized discharge coupled to a discharge conduit, and 

an expansion device downstream of the second pressurized 
reactor assembly, wherein the expansion device rapidly 
releases the pressure of the feed stock discharged from 
the second pressurized reactor such that the feed stock 
undergoes a steam explosion reaction. 

10. The system of claim 9 wherein the pressurized sealing 
device is a pressurized sealing and extraction device and 
includes a liquid drain for dissolved hemi-cellulosic material 
from the pressurized sealing and extraction device. 

11. The system of claim 9 wherein the second pressurized 
reactor assembly includes a second pressurized reactor and a 
reactor discharge device coupled to a pressurized feedstock 
discharge port of the second pressure reactor. 

12. The system of claim 11 wherein the reactor discharge 
device includes at least one of a disc mill refiner, a medium 
density fiber board (MDF) disc refiner, a disc high pressure 
compressor or a discharge plug feeder 

13. The system of claim 9 wherein the expansion device 
reduces the pressure of the feed stock by at least ten bar. 

14. The system of claim 9 wherein the first pressurized 
reactor is inclined such that a lower end of the first pressurized 
reactor is opposite to an end of the first pressurized having the 
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feedstock discharge port, and a drain at the lower end of the 
first pressurized discharges the dissolved hemi-cellulosic 
material from the first pressurized reactor. 

15. The system of claim 9 further comprising a source of at 
least one of a mild acid, Sulfur dioxide gas (SO), oxygen, 
compressed air, ammonia and a catalyzing agent, steam, 
water and the source is coupled to an inlet of at least one of the 
first pressurized reactor and the second pressurized reactor. 

16. The system of claim 9 wherein the second pressurized 
reactor assembly includes a second pressurized reactor and a 
reactor discharge device coupled to a pressurized feedstock 
discharge port of the second pressure reactor. 

17. A method for pretreating cellulosic biomass feed stock 
comprising: 

pretreating the feed Stock in a first pressurized reactor, 
wherein the feed stock undergoes hydrolysis in the first 
pressurized reactor; 

discharging the feed stock from the first pressurized reactor 
to a pressurized sealing device having a first pressurized 
coupling to a feedstock discharge port of the first pres 
Surized reactor, 

maintaining a vaporphase in the first pressurized reactor by 
injecting steam into the first pressurized reactor, wherein 
the injected Steam provides heatenergy to the feedstock 
in the first pressurized reactor; 

washing the feed stock in a downstream region of the first 
pressurized reactor or the pressurized sealing device; 

draining a liquid including dissolved hemi-cellulosic mate 
rial extracted from the feed stock from at least one of the 
first pressurized reactor and the pressurized sealing 
device; 

discharging the feed stock from the pressurized sealing 
device through a second pressurized coupling to a sec 
ond pressurized reactor, wherein the feed Stock is main 
tained at a higher pressure in the second pressurized 
reactor than in the first pressurized reactor; 

in the second pressurized reactor, infusing cells of the feed 
stock with steam or water vapor by injecting steam or 
water vapor into the second pressurized reactor, and 

rapidly releasing a pressure applied to the feed stock 
infused with water to cause steam expansion in the cells 
of the feed stock and refine the feed stock. 

18. The method of claim 17 further comprising introducing 
at least one of mild acid, sulfur dioxide gas (SO), oxygen, 
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compressed air, Steam, water and catalyzing agents to the feed 
stock in at least one of the first pressurized reactor and the 
second pressurized reactor. 

19. The method of claim 17 wherein the step of pretreating 
the feed stock occurs in the first pressurized reactor having an 
internal temperature in a range of 110 degrees Celsius to 160 
degrees Celsius, a pressure in a range of 150 kilopascals to 
600 kilopascals, and wherein the feed stock remains in the 
first pressurized reactor for a period often minutes to sixty 
minutes. 

20. The method of claim 17 wherein the step of pretreating 
the feed stock occurs in the first pressurized reactor having an 
internal temperature in a range of 110 degrees Celsius to 175 
degrees Celsius, a pressure in a range of 150 kilopascals to 
1000 kilopascals, and wherein the feed stock remains in the 
first pressurized reactor for a period often minutes to sixty 
minutes. 

21. The method of claim 17 wherein the feed stock flows as 
a continuous stream through the first pressurized reactor, the 
pressurized sealing device, the second pressurized reactor 
and to the rapid release of pressure downstream of the second 
pressurized reactor. 

22. The method of claim 17 wherein rapid release of pres 
sure reduces the pressure of the feed stock by at least ten bar. 

23. The method of claim 17 wherein the washing step is 
between said discharging step and draining step and washes 
the dissolved hemi-cellulosic material from said feedstock 
between said first pressurized reactor and said second pres 
surized reactor. 

24. The method of claim 23 wherein said washing step is 
performed at a temperature below 160° C. 

25. The method of claim 23 wherein said washing step is 
performed at a temperature below 140°C. 

26. The process of claim 17 wherein the process is a con 
tinuous process. 

27. The process of claim 17 wherein the feedstock flows 
through said first and said second pressurized reactor as a 
continuous flow. 

28. The process of claim 17 wherein the injection of the 
steam or the water vapor into the second reactor forms a vapor 
phase in the second pressurized reactor. 
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